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SYSTEM AND METHOD FOR HANDLING
BAD PIXELS IN IMAGE SENSORS

TECHNICAL FIELD

The present invention relates to 1imaging systems, and
more particularly to an imaging system that handles bad

pixels within an 1mage sensor.

BACKGROUND OF THE INVENTION

Image sensors are used 1n 1maging devices such as digital
cameras. Semiconductor-type 1mage sensors are fabricated
from silicon and are commonly arranged as a two-dimen-
sional array of pixels (1.e., CMOS pixel array). During the
semiconductor fabrication process, defects may occur in
some of the pixels of the image sensor. Defective pixels used
in an i1maging device may result in visible defects i a
processed 1mage such as a bright or a dark spot in the
processed 1mage. The pixel with the defect is referred to as
a “bad” pixel. Because the bad pixels appear as visible
defects 1n the processed image, it 1s not desirable for an
imaging device to use 1mage sensors with bad pixels. Thus,
the cost of manufacturing image sensors increases because
only 1image sensors fabricated without bad pixels are avail-
able for use 1n 1maging devices.

Given this high cost of manufacturing, there have been
some attempts at using image sensors with bad pixels. For
example, one attempt calibrates each image sensor during a
final production test. The final test examines the pixel array
and tests for bad pixels, storing the coordinates (i.e. row and
column number) of the bad pixels 1n a programmable read
only memory (PROM). The PROM may either be integrated
into the image sensor device or may be shipped as a separate
PROM. An imaging system may then use the information
stored 1n the PROM to determine which of the pixels 1n the
image sensor are bad and discard the outputs generated from
those pixels. Interpolated outputs are generated to compen-
sate for discarding the outputs of the bad pixels. The imaging
system will generate each iterpolated output value based on
the output of pixels located near the bad pixel (i.e. adjacent
pixels). This attempt, however, 1s very expensive because it
requires the use of a PROM and an exhaustive calibration
cycle during final test.

SUMMARY OF THE INVENTION

The present invention relates to an apparatus and a
method for handling bad pixels 1n an image sensor array. In
one embodiment, a method includes processing data values
associated with the pixels of the image sensor. Processing
data values includes at least a first pass process and a
subsequent pass process. In the first pass, the data values
associated with the pixels are analyzed to determine whether
any of the pixels are bad pixels. Information 1dentifying the
bad pixels 1s stored 1n a memory storage area of limited size.
The stored information may also include an indicator, indi-
cating a confidence level 1n categorizing the bad pixel.
During the first pass, an overtlow mark 1s stored in the
memory storage arca when insuflicient memory storage 1s
available for storing the information about a particular bad
pixel. The overflow mark identifies the particular pixel in the
image sensor array. During subsequent passes, processing
may be redirected to the first pass to resume first pass
processing of the data value associated with the particular
pixel identified by the overflow mark. Based on information
stored 1n the memory storage area, subsequent passes deter-
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mine which data values are re-evaluated and whether the
categorization of any particular bad pixel may be modified
based on the re-evaluation. Corrected data values for each
bad pixel may be determined by interpolating data values
associated with neighboring pixels to each bad pixel.

In one aspect of the invention, the first pass 1s performed
in response to a reset signal. The reset signal may include
signals triggered manually, automatically, or with a time-
delay.

In another aspect of the ivention, the subsequent pass
re-evaluates and modifies the information 1n the memory at
a pre-determined time interval or event, such as after a
certain number of 1images have been captured. Alternatively,
the subsequent pass may by-pass modifying the information
stored 1n the memory based on a pre-determined trigger,
such as once the first pass completes processing.

In still another aspect of the invention, the first pass
identifies the one or more bad pixels by categorizing each of
the plurality of pixels 1 one of several categories. The
several categories include a first category for pixels meeting
a first criterion and at least one other category representing
pixels meeting other criteria. The first criterion and other
criteria may be adjustable. In addition, the first pass may
store a category 1dentifier in the memory and a location
identifier in the memory 11 the pixel 1s categorized 1n one of
the other categories. The location identifier references a
location 1n the 1mage sensor associated with the pixel.

In yet a further aspect of the imnvention, the first pass and
the subsequent pass may correct the data values and the
subsequent data values associated with the one or more bad
pixels, respectively. The corrected data values may be deter-
mined by interpolating between one or more neighboring
pixels to the bad pixel. The corrected data values may then
be output along with previous data values and subsequent
data values of pixels that are not 1dentified as bad pixels.

In another embodiment of the invention, a computer-
readable medium having computer-executable instructions
for performing the first pass and the subsequent pass 1is
provided. The computer-readable medium may further
include several data structures stored thereon. The data
structures store information about one or more bad pixels. A
first data structure includes at least one bit associated with
cach of the plurality of pixels 1n the 1image sensor array. For
cach pixel identified as a bad pixel, the associated at least
one bit 1s set to a first state. For each pixel i1dentified as a
good pixel, the associated at least one bit 1s set to a second
state. In one aspect of the invention, another bit may store a
category 1dentifier for the bad pixel. The category 1dentifier
may 1dentily a good category, a certainly good category, a
possibly bad category, and a certainly bad category.

In yet another embodiment of the invention, a computer-
readable medium having several data structures stored
thereon 1s provided. The data structures store information
about one or more bad pixels out of several pixels 1in an
image sensor array. A {irst data structure includes a location
field and a status field. A category identifier 1s stored in the
status field based on which of several categories the bad
pixel 1s categorized. The several categories may include a
good category, a certainly good category, a possibly bad
category, and a certainly bad category. A location identifier
associated with the bad pixel may be stored 1n the location
field. The first data structure may correspond to one of
several sections of the 1image sensor array.

In one aspect of the invention, the computer-readable
medium may further include a second data structure. The
second data structure may store an overtlow mark. The
overflow mark i1dentifies a particular bad pixel that was
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being processed by a first pass when insuflicient storage was
available 1n the first data structure. During subsequent
passes, the processing may be re-directed to the first pass so
that the first pass resumes processing at the pixel previously
identified by the overflow mark.

In st1ll another embodiment of the mvention, an apparatus
that uses an 1mage sensor array having one or more bad
pixels out of several pixels 1s provided. The apparatus
includes a processor coupled to the 1image sensor array. The
processor 1s also coupled to a memory. A logic component,
works in conjunction with the processor and the memory, to
perform a first pass on {first data values and one or more
subsequent passes on subsequent data values. Each of the
first data values and each of the subsequent data values are
associated with one of the several pixels 1n the 1mage sensor
array. The first pass includes 1dentifying the one or more bad
pixels and storing information about the one or more bad
pixels in a memory. The subsequent pass uses the informa-
tion stored 1n the memory and re-evaluates the one or more
bad pixels previously identified. IT the re-evaluation 1denti-
fies a change associated with the one or more bad pixels
previously identified, the subsequent pass modifies the infor-
mation stored in the memory. The logic may further be
configured to identify the one or more bad pixels by deter-
mimng 1nto which of several categories each of the several
pixels 1s categorized. The several categories may include a
first category for pixels meeting a {irst criteria and at least
one other category representing pixels meeting other crite-
ria. In one aspect of the mvention, the process may be
configured to adjust the first criterion and other critenia. In
still another aspect of the invention, the apparatus may
include a reset signal that communicates with the logic
component to determine when to perform the first pass.

BRIEF DESCRIPTION OF THE DRAWINGS

FI1G. 1 1s a block diagram of an exemplary embodiment of
the components for an 1maging system;

FIG. 2 15 a representation of one embodiment of an image
sensor pixel array and an associated pixel memory for use 1n
the 1imaging system shown i FIG. 1;

FIG. 3 1s a representation of another embodiment of an
image sensor pixel array and an associated pixel memory for
use in the 1maging system shown in FIG. 1;

FIG. 4 1s a representation of yet another embodiment of
an 1mage sensor pixel array and an associated pixel memory
for use 1n the 1imaging system shown 1n FIG. 1;

FIG. 5 1s a flow chart illustrating an overview of one
embodiment of the operational flow for the 1imaging system

shown 1n FIG. 1;

FIGS. 6A and 6B are tlow charts 1llustrating one embodi-
ment of a first pass process suitable for use i FIG. 5;

FIG. 7 1s a flow chart illustrating one embodiment of a
subsequent pass process suitable for use i FIG. 5;

FIG. 8 1s a flow chart illustrating one embodiment of a
replacement test suitable for use 1n FIG. 7;

FIG. 9 1s a flow chart 1llustrating another embodiment of

a first pass process that includes a freeze memory feature
suitable for use 1in FIG. §; and

FI1G. 10 1s a flow chart illustrating another embodiment of
a subsequent pass process that includes a freeze memory
feature suitable for use 1n FIG. 5, in accordance with the

present mvention.
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4

DETAILED DESCRIPTION OF TH.
PREFERRED EMBODIMENT

(L]

FIG. 1 1s a block diagram illustrating an exemplary
embodiment of components for an imaging system (10).
Imaging system 10 includes an imaging device (1.¢., a digital
camera) that includes a processor (12) coupled to an 1image
sensor pixel array (14). Image sensor pixel array 14 includes
an array of pixels (16) arranged in columns (1 thru 20) and
rows (1 thru N). Although the 1mage sensor pixel array (14)
depicted i FIG. 1 1s shown having twenty rows and N
columns of pixels, the image sensor pixel array may have
any number of rows and columns of pixels without departing
from the scope of the present invention. Each pixel 16 1n
image sensor pixel array 14 may be a good pixel (18,
denoted with a dot) or a bad pixel (20, denoted with an “X”).
Bad pixels 20 occur during the fabrication of the image
sensor pixel array (14).

When an image 1s captured using an 1image sensor pixel
array with a bad pixel, the bad pixel may cause a bright spot
in the captured image due to a large leakage current in the
bad pixel. In addition, mnitially good pixels may become bad
pixels during operation. For example, initially good pixels
may become bad pixels when the operating temperature
increases or when the video gain 1s increased. Methods that
evaluate (calibrate) the pixel array once during a fabrication/
production test, and mark all bad pixel entries 1n a PROM
will not correct for bad pixels that occur during operation.
However, the present invention, as will be described below
in detail, evaluates pixels during operation so no 1nitial
calibration 1s required during the fabrication of the image
sensor and bad pixels that occur during operation of the
imaging device may be detected.

Processor 12 1s also coupled to an input/output (1/0O)
interface (22) and a memory (24). Memory 24 may be a
read/writable memory, such as random access memory
(RAM), static random access memory (SRAM), dynamic
random access memory (DRAM), magnetic media (1.e.
floppy disk, hard disk drive) or any other suitable computer-
readable medium having computer-executable instructions.

The imaging system further includes an imaging post-
processing device that includes a pixel memory (26), logic
operations 28, and the processor 12. Pixel memory 26 stores
information in memory 24 about the pixels (16) in the image
sensor pixel array (14). Logic operations 28 may be a
soltware module (1.e. a program), a wired logic circuit (1.e.
an EPROM, ROM, PLA, PLD), or any other suitable
combination of wired logic and soiftware module. Logic
operations 28 cooperate with processor 12 (heremafter,
joitly referred to as logic 29) to detect bad pixels (20) and
to store the location of each bad pixel 20 1n pixel memory
26. Further, logic 29 may correct the data associated with a
bad pixel and output the corrected data through the mnput/
output interface (22).

Although memory 24, processor 12, and input/output 22
are shown as separate blocks, 1t 1s understood and appreci-
ated that the memory, processor and input/output blocks may
be combined 1nto one or more blocks. In one embodiment,
the processor and input/output blocks may be 1 a single
block such as a micro-controller. In another embodiment,
logic 1nstructions may be stored in a separate memory
(RAM, ROM, EPROM, EEPROM, etc.) In yet another
embodiment, the processor and logic operations may be
integrated 1nto a single block such as a micro-controller with
a built-in EPROM. Any suitable combination of input/
output, processor and memory may be implemented without
departing from the present invention. Likewise, the imaging
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device and the imaging post-processing device are shown to
include the same processor. However, a separate processor
may be used for the imaging device and the imaging
post-processing device.

FI1G. 2 1s a representation of one embodiment for an image
sensor pixel array (14) and an associated pixel memory (26)
used 1n the mmaging device (10) shown 1 FIG. 1. Pixel
memory 26 1s used to store mnformation about the pixels (16)
from 1mage sensor pixel array 14. As in FIG. 1, good pixels
are represented by a dot (18) and bad pixels are represented
by an “X” (20) 1n the 1mage sensor pixel array (14). Image
sensor pixel array 14 1s divided 1nto several sections (S, _a,).
The sections (S) do not necessarily need to be 1dentically
s1zed, but for convenience and ease of implementation, the
sections are shown 1dentically sized. In one embodiment, the
entire 1mage sensor pixel array (14) may be one section of
rows and columns. For convenience, the rows and columns
of each section (S) have been sequentially numbered begin-
ning with one. As one skilled 1n the art will appreciate, for
identically sized sections, the last sections S, which 1nclude
the last row (1.e., row N), may have a different number of
rows than other sections 1f the number of rows 1s not evenly
divisible.

Pixel memory 26 includes a bad pixel storage (34) and an
overtlow marker memory (36). In the embodiment 1llus-
trated 1n FI1G. 2, the bad pixel storage 34 includes a plurality
of tables T, _,, each table corresponding to one of the several
sections (S,_,,) 1n the image sensor pixel array (14), respec-
tively. Each table T includes a plurality of entries (40)
having a location field (42). The location field represents a
physical location for the pixel 1n the 1image sensor pixel array
14. Any number of methods known 1n the art may be used
for specilying location data in the location field, such as
storing a pointer that counts the pixels from left to right,
from top to bottom (1.e., a number between 0-307.199 for a
640x480 pixel array) or storing a coordinate pair that can
sulliciently designate a certain pixel (1.e., x=123, y=362).
The entries (40) may further include a confidence field (44).

Bad pixel 1identifier (46) 1s stored in the location field (42)
when logic 29 determines that a given pixel 1s a bad pixel
(20). In a subsequent pass, the logic (29) checks the bad
pixel storage (34) to find any bad pixel 1dentifiers (46) and
applies a correction to the data associated with any of the
bad pixels (20) that are found. Although, the tables (T) are
shown with only three entries (40), one skilled in the art wall
appreciate that each table may have any number of entries
(40). In addition, the bad pixel storage (34) may be a linked
list, variable length tables, one table, or any other appropri-
ate storage technique.

Section S; of 1mage sensor pixel array 14 illustrates box
48 around an 1dentified pixel (52). Brietly described, box 48
graphically illustrates one of the pixels (16) as the 1dentified
pixel (52). The i1dentified pixel (52) 1s a pixel that the logic
(29) was processing when the logic (29) determined that the
there was insuilicient pixel memory 26 available to store the
pixel location of the 1dentified pixel (52) after the logic (29)
identified the pixel as a bad pixel. The location of the
identified pixel 52 1s stored in the overtflow marker memory
(36) of the pixel memory (26). In the embodiment shown 1n
FIG. 2, the overflow marker memory (36) includes a plu-
rality of overflow entries (OE,_,,) that are associated with
sections S, _ ., respectively. An overtlow identifier (49) 1den-
tifying a bad pixel 1s stored 1n the overtlow entry (OE) when
the logic (29) determines that there 1s insuflicient memory to
store another location of a bad pixel in the associated table
(T). For example, an overtlow 1dentifier (49) 1s stored 1in
overtlow entry OE, as “Marker #8”. The overtlow 1dentifier
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6

(49) specifies the location 1n the 1mage sensor pixel array
(14) at which the logic (28) and the processor (12) resumes
first pass processing. Several of the sections S do not have
box 48 graphically illustrated. Sections S without box 48
indicate that there was suflicient pixel memory 26 (1.e. no
memory overrun) to store all the bad pixels in that section.

FIG. 3 1s a representation of another embodiment of an
image sensor pixel array (14) and an associated pixel
memory (26) for use 1n the imaging system (10) shown in
FIG. 1. The same reference numerals have been used to
identify like elements from FIG. 2. The image sensor pixel
array (14) 1s divided into sections (S',_,). Each section
includes a plurality of rows and all of the columns 1n the
image sensor pixel array (14). Again, the sections (S') do not
necessarily need to be 1dentically sized, but for convenience
and ease of implementation, the sections are shown 1denti-
cally sized. In one embodiment, one section may encompass
all the rows and columns of the 1image sensor pixel array. For
convenience, the rows and columns of each section S' have
been sequentially numbered beginning with one. As one
skilled 1n the art will appreciate, for 1dentically sized sec-
tions, the section S',, that includes the last row, row N, may
have a different number of rows than other sections S' 1t the
number of rows 1s not evenly divisible. The tables T, _,, are
illustrated having five entries 40. Although each table (1") 1s
shown having five entries (40), any number of entries (40)
and any appropriate storage technique may be used without
departing from the scope of the present invention.

In other embodiments of the pixel memory (26), the tables
T 1n pixel memory 26 may not have a one to one corre-
spondence with sections S' in the 1mage sensor array (14).
For example, one table (1) may store the bad pixel 1denti-
fiers (46) for multiple sections. In these embodiments,
location 1dentifier (42) may further include a section 1den-
tifier (43).

FIG. 4 1s a representation of yet another embodiment of
an 1mage sensor pixel array (14) and an associated pixel
memory (26) for use 1n the imaging system (10) shown in
FIG. 1. In this embodiment, the pixel memory (26) includes
a plurality of bits (50). Each bit (50) 1s associated with one
of the plurality of pixels (16) 1n the 1image sensor pixel array
(14). Again, the good pixels (18) are represented with a dot
and the bad pixels (20) are represented with an “X” 1 the
image sensor pixel array (14). The bits (50) of the pixel
memory (26) imnclude set pixels (54, represented with a “1”
in FI1G. 4) or clear pixels (56, represented with a “0”” 1n FIG.
4). In this embodiment, set pixels 54 are associated with a
bad pixel (20) and clear pixels 56 are associated with a good
pixel or untested pixel (18). For convenience and clearer
representation, only a portion of the pixel memory (26) 1s
illustrated with “0” for clear pixels 56. Although FIG. 4 only
shows a single bit associated with each pixel, those skilled
in the art will appreciate that the pixel memory (26) could be
configured to have more than one bit associated with each
pixel 16 1n the image sensor pixel array 14. As will be
described 1n detail below, the extra bit associated with each
pixel may be used as a confidence indicator. The confidence
indicator may be used to provide logic 29 a method of
speciiying whether the pixel (16) associated with the extra
bit 1s more or less likely to be a good pixel or a bad pixel.
For the purposes of the following discussion, the image
sensor pixel array 14 1s represented by one section S", rather
than multiple sections.

The embodiments for the pixel memory 26 1llustrated 1n
FIGS. 2-4 have individual trade-ofls when implemented 1n
the present invention. For example, the tables used 1n FIGS.
2 and 3 require much less memory than the bitmap 1llus-
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trated in FIG. 4. However, when using tables, the present
invention will likely experience memory overflow condi-
tions that will reduce the speed of convergence for the
imaging system. The bitmap will not have a memory over-
flow condition.

FIG. 5 1s a flow chart illustrating an overview of one
embodiment of the operational flow of logic operations 28
and processor 12 shown in FI1G. 1 for handling bad pixels 20
in 1mage sensor pixel array 14 1 accordance with the present
invention. The image sensor pixel array (14), logic opera-
tions 28 and processor 12 are all part of an 1maging system
(10). The process begins at block 100, where the processor
(12) shown 1n FIG. 1 1s ready to process an image of an
object sensed by the 1mage sensor pixel array, and proceeds
to decision block 102. The data values representing the
image may be either captured directly from the 1image sensor
pixel array or received from another source such as a
memory, or stream ol data from another process.

At decision block 102, the logic 29 determines whether
processing of the image 1s a first pass for the i1maging
system. A first pass may occur when the imaging system 1s
powered on or when the imaging system i1s reset. The
imaging system may be reset by any conventional manner,
such as a reset button on a digital camera. A reset condition
may also be accomplished 1n logic 29 by design such as, for
example, a physical or software timer that periodically
initiates a reset. If the logic determines that it 1s the first pass,
the process proceeds to block 104.

At block 104, the pixel memory 1s iitialized. For the
embodiments illustrated in FIGS. 2-4, iitialization may
include setting the pixel memory to a known state, such as
clearing the pixel memory to contain zeroes. Once 1nitial-
ization 1s complete, the process proceeds to block 106. At
block 106, the logic gets a data value associated with a first
pixel 1n a section, and then proceeds to block 108.

At block 108, a first pass process 1s performed. The first
pass process, illustrated 1n FIGS. 6 A and 6B and described
in detail below, determines which pixels are bad and stores
an 1dentifier for the bad pixels 1n the pixel memory. Once the
first pass process 1s completed for one of the sections of the
image sensor pixel array, the process proceeds to decision
block 110. The first pass process may have multiple sections
in order to reduce the likelihood of a memory overtlow
condition caused by a bright spot. Typically, all the pixels 1in
the bright spot would be classified as “possibly bad” in the
pixel memory. Thus, 1f the bright spot 1s near the top of an
image, the bad pixels located in the lower portion of the
image will not get classified. This results 1n slower conver-
gence for the correctly processing the entire 1image. How-
ever, by using sections, the pixels 1n the bright spot will only
be able to consume a portion of the overall pixel memory.
The remaining portion may be used for classitying bad
pixels 1 other sections.

At decision block 110, a determination 1s made whether
another section of the 1mage sensor pixel array 1s available
for processing. If another section 1s to be processed, the
process loops back to blocks 106 and 108 to process the
pixels 1n the next section as described above. As mentioned
above, the 1image sensor pixel array may be divided into any
number of sections or may have just one section. Once the
determination at decision block 110 concludes that no sec-
tions remain for performing the first pass, the process
proceeds to end 118. The process will then wait for pro-
cessing of subsequent images.

Now, returming back to decision block 102, 1f the deter-
mination concludes that 1t 1s not the first pass, the process
proceeds to block 112. At block 112, the logic gets a data
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value associated with a first pixel 1n a section, and proceeds
to block 114. In one embodiment, the first pixel of the first
section 1s processed the first time we proceed to block 112.
In another embodiment, the first pixel of another predeter-
mined section (not necessarily the first section) 1s processed
first.

At block 114, a subsequent pass 1s performed. The sub-
sequent pass, illustrated 1n FIGS. 7 and 8 and described 1n
detail below, determines which pixels are 1dentified as bad
pixels in the pixel memory and determines whether the pixel
should remain 1dentified as bad in the pixel memory. Once
the subsequent pass process 1s completed for one of the
sections of the 1mage sensor pixel array, the process pro-
ceeds to decision block 116.

At decision block 116, a determination 1s made whether
another section of the 1mage sensor pixel array 1s available
for processing. I there 1s, the process loops back to blocks
112114 to process the pixels as described above. Once the
determination at decision block 116 concludes that no sec-
tions remain for performing the subsequent pass process, the
process proceeds to end 118.

FIGS. 6 A and 6B are flow charts illustrating one embodi-
ment of the first pass process suitable for use 1n block 108
of FIG. 5. The first pass begins at block 200, where the data
value associated with the first pixel of the section 1s available
and an 1nsuflicient memory flag 1s mitialized to a first known
state so that processing described below may use the isui-
ficient memory flag. The process then proceeds to block 202.
For instances where the image sensor pixel array and
associated memory 1s organized as a single section, only one
isuilicient memory flag may exist. For instances where the
image sensor pixel array and associated memory 1s orga-
nized as multiple sections, a separate insuilicient memory
flag may exist for each section.

At block 202, the data value associated with the first pixel
1s compared with data values of other pixels 1n the image
sensor pixel array. In one embodiment, the other pixels are
neighboring pixels, such as pixels that are immediately to
the left or right of the pixel being processed. In another
embodiment, the other pixels may further include pixels
immediately above or below the pixel being processed. For
this embodiment, additional memory 1s needed to store data
values from previous lines. When processing pixels on the
edge of the image sensor pixel array, the other pixels may
include only one pixel, such as a right neighboring pixel for
a left edge pixel. After the comparison, the process proceeds
to decision block 204.

At decision block 204, a determination 1s made whether
the comparison i block 202 indicated that the pixel 1s a
“000d” pixel. The comparison may use any of a number of
criteria. For example, the following 1s an 1llustrative crite-
rion:

(PH<PH—1+Tg)&&(PH<PH+l+Tg)?

Where,

P =data value for a certain pixel;
P, __.=data value for a neighboring pixel processed prior to
P _.=data value for a neighboring pixel processed after
P, ; and
T',=a threshold for identifying good pixels.

(1)

Fi—1

P

Using this criterion, the logic will determine that the pixel 1s
“good” 1f 1ts associated data value 1s within a tolerance (T,)
ol the data values of neighboring pixels, such as pixels to the
left or right of P, . If the data value i1s determined to be
“000d”, the process optionally proceeds to block 214 where
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the data value 1s output. One skilled in the art will recognize
that the data value does not necessarily need to be output at
this time, but could be stored for later output or further
processing without departing from the scope of the present
invention. From block 214, the process proceeds to decision
block 216.

At decision block 216, the data value associated with a
next pixel in the section 1s retrieved. The next pixel may be
determined using any conventional scanming pattern or other
pattern, such as right to left scanning, zigzag scanning, and
vertical scanning. After getting the data value for the next
pixel, the process loops back to block 202 and continues
processing as described above.

Returming to decision block 204, 1f the logic determines
that the pixel 1s not good (1.e., a bad pixel), processing
proceeds to decision block 206. At decision block 206, a
determination 1s made whether there 1s suflicient pixel
memory 26 for storing information about the bad pixel. In
the embodiments illustrated in FIGS. 2 and 3, the determiu-
nation 1s based on whether there i1s another entry (40)
available 1n the table (1) associated with the current
section (S) being processed. If there 1s suflicient pixel
memory available, the process proceeds to block 207,
graphically represented as including blocks 208 and 210.

In one embodiment mentioned above, one table T stores
the bad pixel information for multiple sections. Once the
logic determines that there 1s msuflicient pixel memory for
any of the sections at decision block 206, there will be
insuilicient pixel memory for any subsequent sections.

In general, at block 207, the logic determines a category
in which the bad pixel should be classified, and then marks
the pixel memory (26) associated with the bad pixel accord-
ingly. In the embodiments 1llustrated in FIGS. 2 and 3, the
logic performed 1n block 207 may classity the bad pixel into
several categories by storing a category indicator (47) 1n the
status field (44).

In the embodiment illustrated in FIG. 4, there are only two
categories for pixels (1.e., good or bad). The bad pixels are
indicated as bad 1n the pixel memory 26 by setting a bit 1n
the pixel memory 26 that corresponds to the bad pixel in the
image sensor pixel array. A representative pairing, shown 1n
FIG. 4, has bit 27 in the pixel memory being set. Bit 27
corresponds to bad pixel 31 1n 1image sensor pixel array 14.
As mentioned above, if the pixel memory had more than one
bit corresponding to each pixel in the 1mage sensor pixel
array, the extra bit(s) may be used to classify the bad pixel
into various categories indicating the probability that the bad
pixel 1s really “bad”.

FI1G. 6B 1llustrates one embodiment for block 207 suitable
for use 1n FIG. 6A. The classification begins at block 230,
where the pixel has already been classified as not “good”,
and proceeds to block 232. At block 232, a determination 1s
made whether the not “good” pixel 1s “certainly bad”. This
determination may use any ol a number of criteria. For
example, the following 1s an illustrative criterion:

(Pn }Pn— 1+ch)&&(Pn }PH+ 1+T:':E:-) "

Where,

P, =data value for a certain pixel;
P, _,=data value for a neighboring pixel processed prior to

Fi—1

(2)

P .
P, ,=data value for a neighboring pixel processed after
P ; and

T _,=a threshold for “certainly bad” pixels.

Using the above criterion, the logic will determine that the
pixel 1s “certainly bad” i1 the pixel’s associated data value 1s
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within a tolerance (1 _,) of the data values of neighboring
pixels, such as pixels to the left or right of P, . It the data
value 1s determined to be “certainly bad”, the process
proceeds to block 234 where the pixel memory associated
with the pixel 1s marked as ““certainly bad”. Although the
above criteria have two classification levels for pixel con-
fidence, “certainly bad” and “possibly bad”, any number of
classification levels may be used.

In the embodiments illustrated 1n FIGS. 2 and 3, the
process of marking the pixel memory (i.e., block 234)
includes storing a location identifier for the pixel as an entry
(40) 1n a table (T) associated with the section of the image
sensor pixel array (14). A category identifier (47), such as
“certainly bad™, 1s stored in the status field (44) of entry 40
in table T. In the embodiment illustrated in FIG. 4, the
process of marking the pixel memory (1.e., block 234) may
include setting a bit corresponding to the pixel in the bat
map. The process then proceeds to the end 240, which
completes the processing performed 1n block 207 of FIG.
6A.

Before returning to FIG. 6A, if the determination in
decision block 232 1s that the pixel 1s not “certainly bad”,
then the pixel 1s “possibly bad” and the process proceeds to
block 238. At block 238, the pixel memory associated with
the pixel 1s marked as “possibly bad”. The process for
marking the pixel memory 1s the same as described above,
except for using a different category identifier 47. The
process then proceeds to end 240, which completes the
processing performed 1n block 207 of FIG. 6A.

Returning to FIG. 6A, after the processing within block
207 1s completed, processing may optionally proceed to
blocks 212 and 214. At block 212, a correction 1s applied to
the data value associated with the pixel. Typically, the
correction includes interpolating a correct data value based
on the data values of neighboring pixels to the pixel. The
corrected data value associated with the pixel 1s then option-
ally output at block 214. As mentioned earlier, applying the
correction and outputting the data value may be performed
at a later time or after further processing has been per-
formed. Thus, blocks 212 and 214 are illustrated as optional
blocks and are provided to illustrate how the handling ot bad
pixels 1n accordance with the present invention may be used
in an 1maging system. From block 214, the process proceeds
to decision block 216 and proceeds as described above.

Returning back to decision block 206, if the logic con-
cludes that there 1s not suflicient pixel memory (1.e. memory
overrun/overtlow), the process proceeds to decision block
220. At decision block 220, a determination 1s made whether
the insuilicient memory flag 1s set or whether some other
type of indicator 1s marked that indicates that a prior
determination of insuflicient pixel memory has been per-
formed. Assuming this i1s the first determination of msuih-
cient memory, the logic proceeds to block 222.

At block 222, the processor and logic set the insuilicient
memory flag and proceeds to block 224 where an overflow
identifier (49) 1s stored 1n the associated overtlow entry OF
(see FIGS. 2 and 3). Brietly, the overtlow identifier (49)
specifies a location for the pixel at which the first pass
processing resumes once some of the bad pixel locations
stored 1n the associated table (T) have been removed during
the subsequent pass process 1llustrated 1n FIGS. 7 and 8 and
described 1n detail below. After block 224 completes, the
process optionally proceeds to blocks 212 and 214 as
described above.

If, at decision block 220, the processor and logic deter-
mine that the mnsuflicient memory tlag 1s set, indicating that
an overtlow 1dentifier has previously been stored in the
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associated overtlow entry OE, the process optionally pro-
ceeds to blocks 212 and 214 as explained above.

As one skilled in the art will appreciate, the first pass may
tollow various tlows for determining into which category a
pixel 1s classified. For example, instead of determiming 53
whether a pixel 1s good at block 204, the first pass may first
determine whether the pixel 1s “certainly bad” and take the
appropriate action. I the pixel 1s not “certainly bad,” the first
pass may then determine whether the pixel 1s “possibly bad”
and take the appropniate action. Using this tlow with the 10
proper criteria, the first pass may not necessary explicitly
determine whether a pixel 1s “good”. The pixel 1s implicitly
assumed to be “good” 1t the pixel does not meet either the
“certainly bad” or “possibly bad” criteria. Other flows may
also result 1n the same outcome. Thus, the flow illustrated in 15
FIG. 6A represents one embodiment for classifying pixels.

FIG. 7 1s a flow chart illustrating one embodiment of a
subsequent pass process suitable for use i FIG. 5. The
subsequent pass begins at block 250, where the data value
associated with the first pixel of the section 1s available, and 20
proceeds to decision block 252. At decision block 252, a
determination 1s made whether the pixel memory indicates
a memory overflow (overrun) condition. As discussed
above, the memory overflow condition may be checked by
reading the overtlow identifier (49) stored in the overtlow 25
marker memory (36) associated with the section 1n which
the pixel resides and determining whether the overflow
identifier (49) identifies the location of the pixel. It the
overflow i1dentifier (49) 1dentifies the location of the pixel,
the process proceeds to block 264. 30

At block 264, the pixel and the remaining pixels 1n the
section are processed using the first pass process illustrated
in FIGS. 6 A and 6B and described i the related discussions.
The overflow entry (OE) associated with the section will
contain the location of the pixel at which the first pass 35
process should resume. However, the first pass process will
only add another bad pixel to the pixel memory after at least
one entry has been removed from the table in accordance
with the replacement test illustrated in FIG. 8 and discussed
in detail below. Once the first pass process 1s completed, the 40
process proceeds to return 266 to continue processing of
other sections or other new 1mages as illustrated in FIG. 5.

Now, returning back to decision block 252, 1 the pixel
memory does not indicate a memory overflow condition,
processing proceeds to decision block 2354. At decision 45
block 254, a determination 1s made whether the data value
associated with the pixel 1s “good”. The determination 1is
based on mformation stored 1n the pixel memory associated
with the pixel. Thus, using history to determine which pixels
should most likely be corrected. It the data value of the pixel 50
1s determined to be “good”, processing optionally proceeds
to block 258 where the data value associated with the pixel
1s output. Again, this block 1s optional because the data value
may be stored for later outputting or for additional process-
ing. The process then proceeds to decision block 260. 55

At decision block 260, a determination 1s made whether
the pixel 1s the last pixel 1n the section. If the pixel 1s the last
pixel 1n the section, the process proceeds to return block 266
to continue processing of other sections or other new 1mages
as 1llustrated 1n FIG. 5. If the current pixel 1s not the last 60
pixel in the section, the process proceeds to block 262 where
a data value associated with a next pixel in the section 1s
retrieved. Processing then proceeds back to decision block
252, where processing continues as described above.

Returming back to decision block 254, if the data value 65
associated with the pixel 1s determined to be not “good”,
processing proceeds to block 256 where a replacement test

12

1s performed. Briefly, the replacement test, illustrated in
FIG. 8 and described 1n detail below, performs additional
tests on any pixel that 1s marked not “good” and determines
whether the earlier determination was incorrect. If the earlier
determination was incorrect, the category 1dentifier stored 1n
the pixel memory for the pixel 1s modified.

In one embodiment, illustrated in FIG. 4, the pixel 1s
re-categorized by clearing the pixel memory associated with
the pixel (1.e., re-categorizing the bad pixel as a good pixel).
In other embodiments, illustrated in FIGS. 2 and 3, the pixel
1s re-categorized by removing the entry (40) associated with
the pixel from the associated table (T) or by modifying the
entry (40) associated with the pixel in the associated table
(T). After the replacement test completes, processing pro-
ceeds to decision block 260, either directly or through block
2358, and proceeds as described above.

FIG. 8 1s a flow chart 1llustrating one embodiment of the
replacement test suitable for use 1n FI1G. 7. The replacement
test begins at block 270, and proceeds to decision block 272.
At decision block 272, a determination 1s made whether the
pixel memory associated with the pixel indicates that the
pixel 1s “certainly bad”. If the pixel 1s “certainly bad”, the
process proceeds to block 274.

At block 274, the logic performs a “certainly good”
criteria test on the data value associated with the pixel. The
criteria for this test may be one of several forms. The
tollowing 1s an illustrative criterion:

(PH<PH—2+T:?§)&&(PH<PH—1+Tcg) && (PH<PH+1+T:?§)
&&(inﬂ+2+Tcg)? (3)

Where,
P =data value for a certain pixel;
P, _,=data value for a neighboring pixel processed prior to

Fia

P, _,=data value for a neighboring pixel processed prior to

pi—1

P

P

H—l;

P

P _.=data value for a neighboring pixel processed after
; and

Fi4+1?

T _,=a threshold tor “certainly good” pixels.

=data value for a neighboring pixel processed after

Fi+1

P

P

As one will note, the “certamnly good™ criteria 1s more
stringent than the “good” criternia by including not only the
nearest neighbors, but also neighbors that are farther from
the original pixel (P,). Using the above criterion, the logic
will determine that the pixel 1s “certainly good” 1t the pixel’s
associated data value is within a tolerance (1_,) ot the data
values of neighboring pixels, such as pixels one or more
locations to the left or right of P, or pixels above or below
the pixel. After applying the “certainly good™ criteria to the
pixel, the process proceeds to decision block 276.

At decision block 276, a determination 1s made whether
the data value satisfied the “certainly good” criteria. It the
data value 1s “certainly good”, the process proceeds to block
278 where the logic removes the “certainly bad” indicator 1n
the pixel memory associated with the pixel. In the embodi-
ments 1illustrated 1n FIGS. 2 and 3, the “certainly bad”
indicator 1s removed by removing an entry (40) from a table
(T) associated with the pixel 1n the section. In the embodi-
ment illustrated 1n FIG. 4, the “certainly bad” indicator 1s
removed by clearing the pixel memory associated with the
pixel. The process then proceeds to a return 280 to continue
the processing illustrated in FIG. 7.

Returning to decision block 276, if the data value asso-
ciated with the pixel 1s determined not to meet the “certainly
good” criteria, the process proceeds directly to return 280 or
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indirectly to return 280 through block 282. At block 282, a
correction 1s applied to the data value associated with the
pixel. Again, as described above, the correction interpolates
a corrected data value for the associated pixel based on the
data values of neighboring pixels.

Returning to decision block 272, where the determination
1s made whether the pixel memory associated with the pixel
indicates that the pixel 1s “certainly bad”. When the pixel 1s
indicated to be “certainly bad”, the process proceeds to
block 286 because the pixel 1s “possibly bad.” At block 286,
the logic performs a “good criteria” test on the data value
associated with the pixel. Two illustrative examples of the
“g00d criteria” test are shown 1n equations 1 and 3 above.
After performing the test in block 286, the process proceeds
to decision block 288. At decision block 288, a determina-
tion 1s made whether the data value associated with the pixel
satisfied the “good criteria” test. IT the pixel satisfies the
“o00d criteria” test, the process proceeds to block 290 where
the logic removes the “possibly bad” indicator 1n the pixel
memory associated with the pixel, and proceeds to the return
280 to continue processing illustrated m FIG. 7. As
described above, the embodiments 1llustrated in FIGS. 2 and
3 remove the “possibly bad” indicator by deleting the entry
(40) associated with the pixel from the table (T).

If, however, at decision block 288, the logic determines
that the data value associated with the pixel did not satisiy
the “good criteria”, the process proceeds to block 292. At
block 292, the loglc performs a “certainly bad” criteria test
on the data value associated with the pixel. The critenia for
this test may be one of several forms. An 1illustrative
example 1s shown 1n equation 2 and described above. After
applying the “certainly bad” criteria on the data value, the
process proceeds to decision block 294.

At decision block 294, a determination 1s made whether
the data value associated with the pixel satisfies the “cer-
tainly bad” criteria. If the “certainly bad criteria™ 1s satisfied,
the process proceeds to block 296 where the logic replaces
the “possibly bad” indicator 1n the pixel memory associated
with the pixel with a “certainly bad” indicator. In the
embodiments 1illustrated in FIGS. 3 and 4, setting the pixel
to “certainly bad” 1s achieved by storing the “certainly bad”
indicator 1n the status field (44) of the entry (40) 1n the table
(T) associated with the pixel. The process then proceeds
directly to the return 280 or indirectly to the return 280
through block 282 as described above.

Returming to decision block 294, 1f the data value asso-
ciated with the pixel 1s determined not to meet the “certainly

bad” criteria, the process proceeds directly to the return 280
or indirectly to return 280 through block 282 as described
above.

Therefore, 1n general, the replacement test 1llustrated in
FIG. 8 performs additional tests on any pixel that 1s deter-
mined not to be “good” and determines the best categon-
zation for that pixel. One will note that once a pixel 1s
categorized as “good”, additional testing 1s not performed on
that particular pixel. Thus, the various criteria described
above should be stringent enough so that an actual “bad”
pixel does not erroneously get categorized as “good”. In
addition, thresholds for each of the above criteria (e.g., T
T, T, 1, and T_,) may be adjustable by processor 12. In
one embodiment, processor 12 may write a new value 1n a
programmable register associated with one of the thresholds.
Logic 29 may then use the new value when evaluating the
above criteria. Adjusting thresholds during operation allows
greater flexibility for operating 1n varying conditions.

FIGS. 9 and 10 are flow charts illustrating another
embodiment of a first pass process and a subsequent pass
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process that includes a freeze memory feature, also suitable
for use 1n FIG. 5. Like reference numerals as FIGS. 6 A and
7 are used for like processing blocks and will not be
discussed with respect to FIGS. 9 and 10, respectively.
Additional processing blocks 300-302 are added to FIG. 9
and processing block 310 1s added to FIG. 10 to illustrate the
freeze memory feature.

In one embodiment, the freezing memory feature 1s used
to avoid erroneously removing a bad pixel once the entire
image or an individual section of the image has completed
the first pass. In other embodiments, the freezing memory
feature may be used to detect and modity bad pixels once
alter every certain number of passes, such as when the image
sensor array 1s not exposed to significant changes in an
object (e.g., 1mage sensor array in use for a surveillance
camera).

Referring to FIG. 9, the first pass process having the
freeze memory feature begins at block 200. At block 200 the
data value for the first pixel of the section 1s available, and
processing proceeds as described with reference to FIG. 6A
until decision block 216. At decision block 216, the logic
determines whether the current pixel 1s the last pixel 1n the
section. It the current pixel 1s the last pixel 1n the section, the
process proceeds to blocks 300-302 instead of proceeding
directly to the return 226 as 1 FIG. 6A.

At decision block 300, a determination 1s made whether
an msuilicient memory flag 1s set. This insuflicient memory
flag may be the same indicator described above. For
example, 1n the embodiments 1illustrated 1in FIGS. 2 and 3,
the determination in decision block 300 may mvolve readmg
the overtlow memory entry (36) associated with the section
in which the pixel resides and determining whether there 1s
a valid overflow 1dentifier (49) stored therein. If the msui-
ficient memory tlag 1s set, processing proceeds to the return
226 because the first pass processing for this section has not
completed. The first pass processing for this section will
complete after additional memory becomes available during
processing in subsequent passes as described above with
reference to FIGS. 7 and 8. However, 1f a determination 1s
made that the insuthcient memory flag 1s not set (1.e., all first
pass processing for the section has completed), the process
proceeds to block 302.

At block 302, the freeze memory option 1s selected for the
current section. This may be accomplished by using a flag
for each section or a global flag such that only after all the
sections have completed will the freeze memory flag be
selected. In erther case, after the freeze memory flag 1s
selected, the process proceeds to return 226 as described
above.

Now, referring to FIG. 10, the subsequent pass having the
freeze memory feature begins at block 250 and proceeds to
decision block 310. At decision block 310, a determination
1s made whether the freeze memory flag option 1s selected.
If so (1.e., all first pass processing for that section 1is
complete), the process proceeds directly to decision block
260 or indirectly through optional block 258 as described 1n
FIG. 7. One should note that the output data associated with
the pixel at block 258 may be either the data value or the
corrected data value. Thus, “freezing” the category 1denti-
fiers 1n the pixel memory for any pixel detected as not
“000d”. Otherwise, the process proceeds to decision block
252 and proceeds as described above for FIG. 7.

In an alternate embodiment 1n which the freezing memory
feature 1s used to detect and modily bad pixels, once after
every certain number of passes, the first pass 1llustrated 1n
FIGS. 6A and 6B 1s performed and the subsequent pass
illustrated in FIG. 10 1s performed. At decision block 310 1n
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FIG. 10, the determination of whether the freeze memory
option 1s selected 1s based on whether a pre-determined
number of passes have been performed. If the requisite
number of passes have been performed, the process proceeds
to block 252 and proceeds as described above 1n reference
to FIG. 7. Otherwise, the process proceeds directly to
decision block 260 or indirectly through optional block 258
as described m FIG. 7 above.

While the logic 1llustrated in FIGS. 6A, 6B, 7 and 8 tests
tor three categories, one skilled 1n the art will recognize that
any number categories may be used without departing from
the scope of the present invention. Having at least two
categories for bad pixels allows varying criteria to be used
for determining whether the bad pixel 1s actually a good
pixel. I only one criterion was used, the criterion would
have to be stringent enough so that bad pixels would not
erroneously get classified as a good pixel. However, having
a stringent criterion may result 1n a memory overrun situa-
tion 1n which most of the memory 1s storing information
about pixels that are not really bad. Thus, actual bad pixels
occurring aiter the memory overrun will not be corrected.
This reduces the speed of convergence. In addition, by using
history stored 1n the pixel memory, good pixels will not be
erroneously corrected when the good pixels are 1n a bright
Spot.

Another benefit of the present invention 1s that the 1mag-
ing system may be started i a dark environment, such as
when the lens cap on a digital camera remains on during the
first pass. This allows the imaging system to converge to a
stable state very rapidly because pixels will not erroneously
be categorized as bad for being 1n a bright spot (1.¢., there
will be no bright spot). In addition, the imaging system will
not erroncously categorize edge pixels as bad pixels.
Because pixels will not be erroneously categorized as bad
pixels, suflicient pixel memory will most likely be available
to store locations of the pixels that are actually bad pixels.
Thus, the imaging system will converge quickly and accu-
rately.

The above specification, examples and data provide a
complete description of the manufacture and use of the

composition of the mvention. Since many embodiments of

the invention can be made without departing from the spirit
and scope of the invention, the invention resides in the
claims hereinafter appended.

We claim:

1. A method for using an 1mage sensor array having one
or more bad pixels out of a plurality of pixels, the method
comprising;

(a) performing a first pass on first data values, each {first
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data value being associated with one of the plurality of 50

pixels 1 the 1mage sensor array, the first pass compris-

ng:

(1) identitying the one or more bad pixels; and

(2) storing information about the one or more bad
pixels 1n a memory, wherein the first pass further
includes checking whether the memory 1s suilicient
for storing the information about the one or more bad
pixels and when the memory 1s msuilicient, marking
the memory associated with the pixel with a memory
overflow mark so that the subsequent pass will
resume the first pass upon i1dentifying the pixel
associated with the memory overtflow mark; and

(b) performing one or more subsequent passes on subse-

quent data values, each subsequent data value being

associated with one of the plurality of pixels in the

image sensor array, the one or more subsequent passes

comprising;
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(1) re-evaluating the one or more bad pixels previously
identified based on the information stored in the
memory; and

(2) moditying the mnformation stored in the memory 1f

the re-evaluation 1dentifies a change associated with

the one or more bad pixels previously 1dentified.

2. The method of claim 1 further comprising responding,
to a reset signal that mitiates performing the first pass.

3. The method of claim 1 wherein performing the first
pass occurs using first data values retrieved from the image
sensor array when exposed to a dark environment.

4. The method of claiam 1 wherein re-evaluating and
moditying the information occur on a pre-determined inter-
val.

5. The method of claim 1 wherein 1dentifying the one or
more bad pixels comprises determining into which of a
plurality of categories each of the plurality of pixels 1s
categorized, the plurality of categories including a first
category for pixels meeting a first criterion and at least one
other category representing pixels meeting other criteria.

6. The method of claim 5 wherein the first criterion and
other criteria are adjustable.

7. The method of claim 5 wherein storing information
comprises storing a category i1dentifier in the memory if the
pixel 1s categorized in one of the other categories and storing
a location identifier associated with the pixel in the memory
if the pixel 1s categorized in one of the other categories.

8. The method of claim 5 wherein re-evaluating the one or
more bad pixels previously identified comprises re-deter-
mining into which of the plurality of categories the pixel 1s
categorized.

9. The method of claim 1 wherein the one or more

subsequent passes by-passes at least the step of modifying
the information stored in the memory based on a pre-

determined trigger.

10. The method of claim 1 wherein the first pass and the
subsequent pass further comprise correcting the first data
values and the subsequent data values associated with the
one or more bad pixels, respectively.

11. The method of claim 10 wherein correcting the first
data values and the subsequent data values includes inter-
polating corrected data values for the bad pixels based on
one or more neighboring pixels to the bad pixels.

12. The method of claim 11 further comprising outputting
the corrected data value for the one or more bad pixels and
the data value and the subsequent data value for the other
pixels during the first pass and the subsequent data, respec-
tively.

13. The method of claim 1 wherein the change includes
identifving the bad pixel as a good pixel.

14. A computer-readable medium having computer-ex-
ecutable instructions for performing the method of claim 1.

15. A computer-readable medium having a plurality of
data structures stored thereon for storing information about
one or more bad pixels out of a plurality of pixels 1 an
1mage sensor array, comprising:

at least one first data structure in the plurality of data

structures comprising a location field and a status field,

the status field having a category 1dentifier that 1s assigned
based on which of a plurality of categories the bad pixel
1s categorized within; and

the location field having a location identifier that is
associated with the location of the bad pixel, the
plurality of data structures enabling an application
program executed by a processor to perform bad pixel
correction.




Us 7,173,741 Bl

17

16. The computer-readable medium of claim 15 wherein
cach of the at least one first data structure corresponds to one
ol at least one section of the 1image sensor array.

17. The computer-readable medium of claim 15 wherein
the plurality of categornies includes a good category, a
certainly good category, a possibly bad category, and a
certainly bad category.

18. A computer-readable medium having a plurality of

data structure stored thereon for storing information about
one or more bad pixels out of a plurality of pixels 1 an
1mage sensor array, comprising:
at least one first data structure in the plurality of data
structures comprising a location field and a status field,
a category 1dentifier being stored in the status field
based on which of a plurality of categories the bad pixel
1s categorized and a location identifier associated with
the bad pixel being stored 1in the location field; and

at least one second data structure for storing an overtlow
mark that identifies the bad pixel bemg processed by a
first pass when insuflicient storage 1n the at least one
first data structure occurs, such that during any subse-
quent passes, the first pass resumes processing of any
remaining pixels out of the plurality of pixels based on
the bad pixel 1dentified by the overtlow mark, the first
and second data structures enabling an application
program executed by a processor to perform bad pixel
correction.

19. An apparatus that uses an 1mage sensor array having
one or more bad pixels out of a plurality of pixels, the
apparatus comprising;

(a) a processor coupled to the 1image sensor array having

the plurality of pixels arranged 1n one or more sections;

(b) a memory coupled to the processor; and

(c) a logic component, that, in conjunction with the

processor and the memory, 1s configured to perform a
first pass on first data values, each data value being
associated with one of the plurality of pixels in the
image sensor array and to perform one or more subse-
quent passes on subsequent data values, each subse-
quent data value being associated with one of the
plurality of pixels, wherein the first pass comprises:
(1) identitying the one or more bad pixels; and
(2) storing information about the one or more bad
pixels 1n the memory, wherein the first pass further
includes checking whether the memory 1s suflicient
for storing the information about the one or more bad
pixels and when the memory is msuflicient, marking
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the memory associated with the pixel with a memory
overflow mark so that the subsequent pass will
resume the {first pass upon i1dentifying the pixel
associated with the memory overflow mark; and
wherein the one or more subsequent passes com-
Prises:

(1) re-evaluating the one or more bad pixels previously
identified based on the information stored in the
memory; and

(2) moditying the imnformation stored in the memory 1f

the re-evaluation 1dentifies changes associated with

the one or more bad pixels previously 1dentified.
20. The apparatus of claim 19 wherein identifying the one
or more bad pixels comprises determining into which of a
plurality of categories each of the plurality of pixels 1s
categorized, the plurality of categories including a first
category for pixels meeting a {irst criteria and at least one
other category representing pixels meeting other criteria.
21. The apparatus of claim 19 wherein the processor 1s
configured to adjust the first criterion and other criteria.
22. The apparatus of claim 19 further comprising a reset
signal that communicates with the logic component to
determine when to perform the first pass.
23. A data structure embodied on a computer readable
medium for storing information, comprising:
a plurality of attribute fields, including a corresponding,
attribute field for each pixel of a plurality of pixels 1n
an 1mage sensor array, wherein

cach attribute field comprises a first bit and a second
bit:

for each pixel 1dentified as a bad pixel, the first bit of
the corresponding attribute field 1s set to a first state;

for each pixel 1dentified as a good pixel, the first bit of
the corresponding attribute field 1s set to a second
state; and wherein

for each of the pixels, the second bit of the attribute
field stores an additional category identifier, the
plurality of attribute fields enabling an application
program executed by a processor to perform bad
pixel correction.

24. The computer-readable medium of claim 23, wherein
cach of the attribute fields represents a state selected from a
plurality of states including: a good state, a certainly good
state, a possibly bad state, and a certainly bad state.
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